The classical view of digestion holds that proteins and polypeptides are completely broken down to individual amino acids before absorption from gastrointestinal tract.
Little information has been available concerning absorption of peptides.
It is known that r-globulin and some polypeptides can be absorbed without any enzymatic degradation from intestinal mucosa of neonatal animals but not in adult ones.
In recent years, some workers (Agar et al., Newey et al., Wiggans et al.observed absorption of small peptides in animal preparations. Further studies revealed that some protein hormone such as insulin and proteolytic enzymes can be absorbed in its natural form, and the latter are now used orally in certain patients with considerable effect. It is of great interest to elucidate the mechanism of transport of peptide by the intestine. This study is concerned with the absorption of reduced form S-GLUTA-THIONE (r-L-Glutamyl-L-Cysteinyl-Glycine, GSH) from rat intestine in vitro and in vivo and the incorporation of the label into protein. body weight intramuscularly two hours prior to the injection of GSH in order to inhibit protein synthesis , because the incorporation of GSH into serum protein was so rapid that it was difficult to detect free GSH in blood stream.
MATERIALS AND METHODS
For the measurement of the unabsorbed portion of GSH , the ligated intestinal segments in which the test dose had been placed were removed , washed in a beaker while saline was squirted from a squeeze bottle , and the same process was repeated four times . The washings were combined, alkalized slightly , heated in a water bath to dissolve mucous materials , and added to the scintillator. peptides. Fig. 1 shows the electrophoretic pattern and radioactivity of portal plasma obtained 30 min. after jejunal injection.
A peak of 35S was noticed in the area coinciding with the spot of GSH. In the histogram (Fig. 2 ) of cardiac plasma taken three hours after oral administration, no sharp separation of 35S was obtained probably because of high activity of protein bound 35S. Nevertheless, these preliminary results suggested the possibility of the absorption of GSH from gastrointestinal tract as such and encouraged further studies.
Intestinal absorption in vivo. Fig. 3, 4 and 5 show 35S activity and optical density at 280 m ,a of gel filtered fractions of serum from rats receiving GSH into the intestine.
35S activity curve is bi-peaked ; the first peak which is much higher than the second peak, corresponded to that of optical density and the second shows the protein free 35S activity.
The proportions of protein bound 35S were of the levels of 64 . 7, 77.6 and 78.0 % at half an hour, one hour and two hours, respectively.
On the other hand, in rats which received cycloheximide 1 mg/100 g body weight one hour prior to administration of GSH, the Speed of GSH absorption from intestine in vivo. The small intestine was separated into the jejunum and the ileum with ligations.
Ten and thirty min. after the injection of 0.05 mg of GSH in 0.5 ml water into each lumen, the jejunum and the ileum were removed and the residual GSH was washed out with normal saline. The graphic representation in Fig. 8 In vitro experiments with sacs of everted small intestine. GSH was initially present in the mucosal solution in a concentration of 0.006 mM. After the procedure already mentioned, 35S activity in the mucosal and serosal fluids, and that of homogenate of mucosal and serosal tissues were determined. Progressively thereafter, during incubation, 35S activity increased in the serosal side to exceed that in the mucosal side indirectly confirming the previously established active transport as in amino acid absorption and probably GSH behaves like amino acids. In order further to examine whether or not the 35S activity in the serosal fluid is derived from GSH, a series of radio-paperchromatographical procedures same as the in vivo experiment was carried out on the serosal fluid. Fig. 10 and 11 show the 35S activity of the chromatogram. High activities of 35S were found in the areas with the same Rf values as for GSH and GSSG (oxidised glutathione).
In a separate study, the speed of the turnover of absorbed GSH was studied in six groups of two rats each, by injecting intravenously 0.1 mg of GSH. In the first four groups, cardiac blood was obtained 5, 10, 20 and 60 min, following injection, and in the remaining two groups, cycloheximide was given intravenously either 5 min, before or 5 min, after the administration of GSH. Deproteinization was carried out as described in "Materials and Methods" and 35S was counted . As Fig. 12 illustrates, the injected 35S was bound with serum proteins within a very short time ; about 55.9 % of the injected dose was incorporated into serum proteins in the first 5 min. and more than 90 % in 60 min.
In the latter groups, although the test dose of cycloheximide was not sufficient to completely inhibit protein synthesis, the result confirmed the rapid labeling of proteins with 35S derived from G3JSH. It is probably due to the molecular specificity of proteolytic enzymes that they are absorbed from the intestine , yet it is also likely that the absorption of some proteins and peptides without digestion may occur normally in man and animals.
It was desirable to compare the chromatographic mobility of L-glutamyl-Lcysteine (GC) with that of GSH in order to exclude the possible contamination by the former. Unfortunately, pure GC could not be obtained , but according to the report of Gutcho et al, the Rf values of GC in solvents BAW and IFW used in this study do not fall on the spot of GSH.
Furthermore , in the chromatographic analyses of in vivo study materials , naturally occurring sulf hydryl peptides, amino acids and their derivatives containing 35S activity could have prevented GSH from being detected clearly.
There are many metabolites having SH groups ; L-cysteinyl-L-glycine (known to be the first step of enzymatic breakdown of GSH), L-glutamyl-L-cysteine (there is little possibility for GSH to be enzymatically hydrolysed to this peptide), and their oxidative forms , the derivatives from cysteine such as L -cysteine sulf inic acid, L -cysteine sulf enic acid, homocysteine, L-cysteic acid, taurine , cystine and its derivatives. It is possible that they are formed from administered GSH and have some radioactivity.
Nevertheless, the peaks of 35S activity which exactly corresponded to the Rf velue of GSH in the paperchromatogram speak for 35S the presence of absorbed free GSH in the blood stream.
The study with everted sacs, followed by radiopaperchromatographic analyses , also confirmed the results of the in vivo experiments. In this experiment, a 35S
peak corresponding to GSSG (oxidised glutathione) and a shift of the 35S peak corresponding to GSH to the former were observed , but in the present stage, it is hard to presume that GSSG crosses the intestinal wall. It is more probable 
